Objectives: To review our experience of stentgraft deployment for vascular aneurysm or pseudoaneurysm of the brachiocephalic or subclavian artery. Methods: Participants comprised 7 patients (4 men, 3 women; mean age, 61 years; range, 47 -76 years) who underwent endovascular repair of brachiocephalic or subclavian arterial vascular lesions between July 2001 and November 2008. Causes of vascular lesions were: traffic accident, n = 4; infection, n = 2; and post-irradiation state of esophageal cancer, n = 1. Safety, technical success, and clinical follow-up were evaluated. Results: Stentgraft deployment was successful in all cases. No complications related to stent fracture were encountered during follow-up (up to 2308 days). One male patient with esophageal cancer died of rebleeding from the tracheostomy hole 13 days after treatment with size mismatch between the stentgraft and brachiocephalic artery. Conclusion: Stentgraft deployment represents acceptable treatment for the injured brachiocephalic artery or proximal side of the subclavian artery.
Introduction
The brachiocephalic and subclavian arteries are infrequently injured as a result of blunt or penetrating trauma, stab wounds, or iatrogenic trauma [1] . These conditions are associated with very high morbidity and mortality rates, because of the non-feasibility of surgery and the high risk of cerebrovascular disorders [2] [3] [4] [5] [6] [7] .
Endovascular treatment with stentgraft has recently been widely performed for vascular pseudoaneurysm, achieving high clinical success [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . However, to the best of our knowledge, endovascular treatment with stentgrafting has not been summarized for pseudoaneurysm of the brachiocephalic artery or the proximal portion of the subclavian artery. This is probably due to mismatches in stent sizes for complicated configurations of brachiocephalic and proximal subclavian arteries.
We present our results for treatment using endovascular stentgraft deployment for aneurysm or pseudoaneurysm of the brachiocephalic artery and proximal portion of the subclavian artery.
Methods
Between July 2001 to November 2008, a total of 7 patients (4 men, 3 women) underwent endovascular repair of injured brachiocephalic and subclavian arteries and were thus included in this study. Mean age at the time of treatment was 66 years (range, 49 -76 years). Causes of arterial lesions were as follows: motor vehicle trauma, n = 4; infection, n = 2; and post-irradiation state of esophageal cancer, n = 1. Sites of arterial injury are shown in Table 1 . A patient selection criterion was that surgical alternatives had been discussed, with explanation of reasons for the unfeasibility of surgery.
The procedure was performed in an angiography suite (n = 1) or operation room (n = 6) with or without general anesthesia. Both angiographic systems were single-plane. Intravenous heparin and prophylactic antibiotic administration were performed routinely before stentgraft deployment and continued 3 days. Arterial access was gained via the axillary (n = 3), carotid (n = 1) or femoral (n = 3) artery. Stentgrafts were introduced via a 9-or 10-Fr sheath. The stentgraft used included 2 bare stents with expanded polytetrafluoroethylene (ePTFE), and 5 Niti-S ComVi stentgrafts (Taewoong Medical, Seoul, South Korea). Measurements of diameter were made on precalibrated computer-generated digital-subtraction angiography images. Proximal stentgraft diameter was oversized 1 -1.5 mm and the stentgraft extended beyond the lesion by 1 cm at each end.
Medical records were obtained to evaluate results of therapeutic follow-up from the time of endovascular treatment. Evaluation included stent or stentgraft patency, presence of hemostasis, and complications related to deployment of the stent or stentgraft.
Results
Stentgraft deployment was successful in all cases (Tables 1 and 2). Thrombosis or shrinkage of pseudoaneurysmal sacs was achieved in 6 cases (85%) within 1 week after treatment (Figure 1) . In 1 patient with esophageal cancer (Case 4; Figure 2) , rebleeding from the tracheostomy hole occurred 13 days after treatment and he died of this bleeding. In other 6 patients (85%), thrombosis of the aneurysmal sac or hemostasis was maintained during follow-up (range, 90 -1094 days). In cases of blunt injury of the brachiocephalic artery (such as Case 5 in this series), deployment of a stentgraft is hazardous at the bifurcation between the carotid and subclavian arteries, due to the potential for obstruction of the carotid artery or brain embolism. We deployed the stentgraft between the carotid and brachiocephalic arteries to maintain blood flow to the brain. Following this procedure, coil embolization of the right subclavian artery was performed. Hemostasis was achieved later. Despite embolization of the right subclavian artery, blood flow to the right arm was compensated via retrograde flow from the vertebral artery. We performed a 4-vessel study before this procedure, but did not consider using a balloon occlusion test of the subclavian artery due to the risk of traumatic injury to the brachiocephalic artery. During follow-up, this patient did not complain of symptoms associated with complications such as subclavian steal syndrome.
In a patient with right subclavian artery injury and right-sided massive hemothorax (Case 6), the stentgraft covered the injury site. However, hemothorax with anemia was unresolved after deflating the thoracostomy tube. Thoracoscopy was then performed and arterial bleeding was noticed from small branches of the subclavian artery. Hemostasis was achieved after coagulation with an argon laser. In patients with infected pseudoaneurysm (Cases 3 Because the postoperative course was considered to be poor and highly sensitive to antibiotic therapy from aspirated pus in both patients, endovascular treatment with antibiotic therapy was attempted.
Discussion
Subclavian artery injury can be life-threatening . The prehospital mortality rate with subclavian trauma has been estimated as approximately 75% [22] . Surgical repair is considered the first-line treatment for this condition. However, mortality rates during and after surgical treatment are not low, with reported postsurgical mortality rates ranging from 5% to 30% [2, 23, 24] . Stentgraft deployment for subclavian artery injury is feasible because of the low morbidity and mortality rates [10, 12, 15, 16, [19] [20] [21] 25, 26] . Becker et al. reported the first case, involving a 43-year-old man who underwent deployment of a balloon-expandable metallic stent for left subclavian injury [9] , while du Toit et al. [13] reported that stentgraft treatment for subclavian artery injury resulted in high clinical success rates and low complication rates. However, stentgraft deployment in the peripheral portion of the subclavian artery has the potential risk of damage to the stentgraft from compression of the clavicle and rib [27] . In addition, du Toit et al. [13] reported stentgraft stenosis (20%) and occlusion of the subclavian artery (12%) after stentgraft deployment during 48 months of follow-up [13] . However, the clinical results of stentgraft deployment for brachiocephalic or proximal subclavian artery injuries have not been well documented. Reports of vascular injury in this region treated using endovascular treatment have been limited to case reports [8, 11, 14, 17, [28] [29] [30] [31] [32] . In a series of trachea-innominate artery fistula, overinflation of expandable metallic stentgrafts resulted in exposure of the metallic stent inside the tracheal lumen [30, 33] . In that report, the authors advocated deployment of stentgrafts in the bracheocephalic region only as a temporary procedure, to be followed by surgical treatment including aortosubclavian bypass [33] . Stentgraft deployment offers a feasible and acceptable treatment for injury to the brachiocephalic artery or proximal side of the subclavian artery. 
Conclusion

